Abstract. This paper presents the design of a tilting rotor unmanned aerial vehicle (UAV), evaluation of flight loads based on the standard requirement, structural analysis to determine stress and sizing of the wing, and flight test of the UAV. The main objective is to perform structural analysis to size the UAV's wing section. The analysis shows that the structure design of the wing is safe to be used.
Nevertheless, the scope of this research paper is limited to material selection and structural analysis on the wing design. The primary objectives of this project are to design VTOL of Tilt-Rotor UAV by surveying the material selection and to perform structural analysis to determine the sizing of wing.
Materials and methods
This study is focused on the development of multi tilt-rotor UAV by concentrating on the structure and design analysis. The information obtained will guide the UAV to move at tilting concept mechanism towards the respective object of interest. In accomplishing the outlined objectives, several guidelines have been observed: reviewing the previous related VTOL UAV projects and performing a standard structural analysis by several methods in aircraft structural analysis design concept.
Material selection and conceptual design
In this part, it is basically focused on selecting the suitable material to fabricate the tilt-rotor UAV and adhesive needed for this project. Some reference reading is made based on material selection for the main body such fuselage, wing and tail, type of propeller, type of adhesive and type of motor. Table 1 highlights some of the optional materials that can be selected for the main body of the UAV. Depron foam was chosen as the base frame material due its low cost and easy fabrication properties, despite Fiber Glass having a significant strength to weight advantage. The aluminum box are put in the wing for tilt rotor and the body is covered by fibre glass composite. For this tilt-rotor VTOL UAV, the location of the propeller is placed at the tip of the wing. The thrust must be at the cg location to make it more stable. When the aircraft experience gust load during hover, the tail rotor will produce thrust to make it stable. It was decided to use two-blade propellers as compared to three-bladed system used by the real V-22 Osprey [2] . This is due to increased efficiency of the two-bladed propellers over the three-bladed propellers. Moreover, justification for the adhesive selection can be seen in Table 3 . To make the aircraft in stable and solid form, a strong adhesive connection must be used to ensure that the aircraft does not broken during flight or VTOL. On the other hand, some considerations for the motor selection is presented in Table 4 . Based on the above justification, the main body will be made from depron foam board due its flexibility, easy to shape, price tag and light in weight. For the propeller, the dual propeller is chosen due to its availability, efficiency and price tag. As there are a lot of parts that needs to be mounted, the glue will be the best solution due to the low operating cost and high availability. Last but not least, for the propulsion part, electric motor is chosen as it is very cheap to purchase, environmental friendly and easy to operate.
Conceptual design of tilt-rotor UAV
Aircraft design is basically a combination of science and art together in producing a beautiful machine. In the design phase, whether for normal configuration like the common civilian transport aircraft or for new configuration, there are few steps that need to be followed in order to design and build an aircraft. These design phases are in chronological order: conceptual design, preliminary design, detail design. In conceptual design phase, it basically starts by setting a few specifications for the new aircraft. Every designer has their own approach in developing their conceptual design. However, there are some basic guidelines that are vital and significant for conceptual design. They are design requirement, estimation of the weight of aircraft, identification of some critical performance parameters, type of configuration, performance analysis and optimization. For this study, the mission specifications of the tilt-rotor UAV are presented in Table 5 . Some initial conceptual design estimations are then presented in Table 6 . 
Results and discussion
Before the structure of the wing can be designed, there is a need to determine the loads that will be imposed on the aircraft's wing. This section deals with the general issue of aircraft loads and how they are predicted in the early stages of the design process. The load factor is the multiplier used on limit load to determine the design load. In this case, since there are specific requirements for the factor of safety, 4.5 will be used as the factor of safety as obtained from the STANAG USAR requirement [14] . The safety factor, Nz from the STANAG requirement is calculated as follows, taking the weight to be 1.3 kg or 2.866 lb: = 2.1 + ( 10900 +4536 ) = 2.1 + ( 10900 2.866+4536 ) = 4.5
Structural analysis of wing design
In this section, the structural analysis is mainly about investigation of shear force and bending moment at the wing of the tilt rotor UAV. This theory will be applied at the calculation part for the tilt-rotor UAV project. Table 7 . Justification for structural analysis of wing design
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Load Factor where σ is 4.260 . This shows that the wing bending stress is less than bending stress yield, even though it is very small but may increase the weight later. For the shear stress:
where is 344.91 kPa, V is 7.7138 N , Q is 2.34375 10 −7 , I is 2.62083 × 10 −9 and t is 0.002. In aircraft structure design, one of the most important factors is load factor. Each design of aircraft has its own V-n diagram. Here the V-n diagram is the same as RV-9 [8] . Since the airspeed is no more than 25 kts, a load factor of 1.5 is given, so the maximum stress is 276 MPa. For aluminum, the stress strain curve is shown in Figure 6 . According to the calculation, the maximum stress is 4.118
, which is far smaller than the upper yield point for aluminum, hence aluminum is safe to use.
Wing design simulation analysis
After the theoretical structural analysis has been performed by proving design requirement calculation and mechanical structure on wing parts, Solidworks and Catia V5 software have been used to design and simulation for this research. The load distribution is assume to be elliptical and the fixed support is at the edge of the wing, as shown in Figure 7 . The wing is arranged as high wing location. The load distribution pressure is 7.784 N/m 2 as calculated by using area under the elliptical graph at the wing. The material of the wing is fixed foam, which has tensile strength of 7 lbs/sq.in. The properties of the material are 1.2 lb/ft 3 of the weight and the density of the foam is 1.2 lbs/cu.ft. Mesh analysis on the wing is done to get the grid solid region on the wing and to justify structural wing design for doing further element structural analysis. This is shown in Figure 8 . Figure 9 shows that the value of bending stress of the wing using this software simulation is 5.42 MPa. The diagram shows that the structure is safe because most region of the wing is blue, which not in critical condition. The wing is safe to use in the UAV after doing structural analysis. The UAV wing span is 1.96 ft and the chord length is 0.54 ft. After doing simulation by using Solidworks 2014 software, it shows that the bending stress is 5.42 MPa. From manual calculation, the theoretical bending stress is found to be 4.26 MPa. There is a small difference with approximately 10% between both values. 
Conclusion
In this paper, the details of design, material selection and structural analysis on the wing of rotor UAV platform have been outlined. The designed Tiltrotor UAV is economical, moderately functional and an excellent platform for academic research purpose. By performing the structural analysis of the model, the results show that the design is safe for use. All in all, the objective of this project is achieved and it is ready to be fabricated for a flight test.
